Key indicators: single-crystal X-ray study; T = 295 K; mean (C-C) = 0.018 Å; disorder in main residue; R factor = 0.054; wR factor = 0.095; data-to-parameter ratio = 16.3.
In the title hydrated salt, [Co(C 12 H 8 N 2 ) 3 ] 2 [PVW 11 O 40 ]Á2H 2 O, the complete Kegggin ion is generated by crystallographic inversion symmetry, which imposes statistical disorder on the O atoms of its central PO 4 group. The V atom is statistically disordered over all the metal sites of the anion. In the cation, the Co 2+ ion is coordinated by three bidentate 1,10-phenanthroline (phen) ligands, generating a distorted CoN 6 octahedron. Possible very weak intramolecular C-HÁ Á Á interactions occur in the cation. In the crystal, the components are linked by O-HÁ Á ÁO and C-HÁ Á ÁO interactions, building a three-dimensional network featuring one-dimensional voids along the c-axis direction.
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For related vanadium-substituted Keggin-ion structures, see: Glinskaya et al. (1989) ; Klevtsova et al. (1990 Klevtsova et al. ( , 1991 ; Li et al. (2008) ; Radkov & Beer (1995) . For IR spectroscopy investigations of Keggin ions, see: Lee & Misono (1997) ; Deltcheff et al. (1983) ; Watras & Teplyakov (2005) . For bond-valence calculations, see: Brown & Altermatt (1985) . For background to polyoxidometalate chemistry, see: Pope & Mü ller (1991 , 1994 .
Experimental
Crystal data [Co(C 12 Table 1 Selected bond lengths (Å ).
Co-N3 2.053 (9) 2.060 (8) 2.066 (10)
Co-N4 2.066 (11) 2.078 (10) 2.085 (8) Table 2 Hydrogen-bond geometry (Å , ).
Cg1 and Cg2 are the centroids of the N1/C1-C4/C12 and N3/C13-C16/C24 rings, respectively. 4-polyoxidoanion is generated by this element and so is composed of a disordered PO 4 tetrahedron surrounded by four vertex-sharing M 3 O 13 (with M = W/V) subunits which result from the association of three edgesharing MO 6 octahedra enwrapping a PO 8 cube with oxygen atom site occupancy of 0.5. In the MO 6 (with M = W/V) octahedra, the position of metal atom is crystallographically disordered and constrained as 11/12 W and 1/12 V, with occupancies of 0.083 and 0.917 for W and V respectively.
D-HÁ
The contents of W and V revealed by X-ray analysis are consistent with the results from elemental analyses and scanning electronic microscopy ( Fig. 2) as well as the IR spectroscopy wich shows that the streching vibration of (P-O) splits into two absoption bands at 1095 cm -1 and 1068 cm -1 because of the lower symmetry so as well confirm the presence of monosubstituted vanadium keggin-type clusters in I ( Lee et al., 1997; Deltcheff et al., 1983; Watras et al., 2005) . The crystal packing of I shows that the discrete polyoxidoanion subunits are interconnected through water molecules via O-H···O hydrogen bonding interactions with O···O separation ranging from 2.836 (13) to 2.928 (14) Å ( (Table 1 ) and electrostatic interactions so as to build three-dimensional-supramolecular network generating vacant one-dimensional-channels along c axis as can be seen in Fig. 3 . Very weak intramolecular C-H···π interactions of phen rings (Fig. 4 ) with mean distances of 3 Å (Table 2 ) are also observed.
Experimental
A 
Refinement
All H atoms attached to C atoms were fixed geometrically and treated as riding, with C-H = 0.93 Å and U iso (H) = An ORTEP view of (I) with displacement ellipsoids drawn at the 30% probability level. View of intramolecular C-H···π interaction in (I). The H-atoms not included in H-bond scheme are omitted.
Bis[tris(phenanthroline-κ 2

N,N′)cobalt(II)] undecatungsto(VI)vanado(V)phosphate dihydrate
Crystal data [Co(C 12 (7) 0.017 (7) 0.009 (7 C31-C32-H32 119.6 P-O1C-W4 122.9 (7) C32-C33-C34 119. 
